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Power generation performance of a photovoltaic
module with triangular-pyramid-shaped concentrator
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Abstract

The objective of this study is to evaluate the power generation performance of the photovoltaic modules with triangular

pyramid shape concentrator. A unit of the pyramid modules have three photovoltaic cells. Therefore, the study

examined various configuration of the circuit in terms of annual power generation with some different shapes of the

pyramid module, and found that the circuit connecting three cells in parallel would be the best for every pyramid

module. This study also investigated the power generation performance of some pyramid modules and compared with

that of a conventional flat module in terms of power generation per cell area and that per installation area. It was

confirmed that it would be possible to design pyramid modules to have better performance than the flat module in both

of two indices. Comparing the improvement with that of light collection performance, the improvement in the power

generation decreases by approximately 5 points in percentage. It is interesting to note that the annual or daily power

generation behavior by pyramid module can be designed when the pyramid shape is selected accordingly.
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(a) Pyramid-shaped module
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(b) Concentration image with incident from east side
Fig. 1 Sun tracking ability with fixed flat mirrors and PV cells

Journal of Japan Solar Energy Society

_86_

NEEWUROTHILE Y 2 — L L i L, BEHFROF%
PEZ BT D

2. ZAMBKBELRKEE 21—

2.1 EZDa—I)LORIK

KB LTHEY 2—LDOFRE Fig. 11TRT (WOTF
FIDEE) . Y 2=/ WK E S, RO =4
HELDEH LT3 >O=ZAMNEEIND. FRO=AH
IEFERIBE I PV &L, dEID 2 SORHEIC I T —S%E
INd—J, BAO=A#TIMNC 77—, Eillo 250
RHEIZ PV EAREE S D, RO =MAEIIHEET 2 =
AWORNETILI T =0 BB SN D ANA IR 72
2=y bRV Fig 1) , Zox=v F2BERAL
FHEES. 3OO0 EHRO1l 2=y NORBEREITZ
DARABGOEFRRE 72 5.

Fig. 1) IEKRBGOMEARMIZH Y, KEY 22—
RDICHFABADZRIEBIRL TN A, AL EEL2(C
WIEBEAFN S50, I T3 ICAR LIZBIE LT
B3I D. KEBSTERINZH 258X 0H L7 5.
AP SITIARTEY 2 =10/ E I T—REESNTNAID
L BT, KBPBE L TH& LN HRED A%
Zi o, BEMIGEREEZRFOZ L EH LML Y.
AHFFETHETORICER L, BEENEEZMT 5.

2.2 =AMOHRIT/INSTA—4

WD =AM KRR — D SN AR THD. K
D = AFITKE L, ﬁﬁ@#%:ﬁﬁ@ﬁﬁi*%L £

JEDTEFA D 2 58 FICH D, ZMAEOTIRITERD 3 5D
BXEHRT A — &Tﬁ%ﬂiéﬂé

< 0,0 RO T ESD = AOIESRA
<6, 0 fHE (B2 £33 T7—2) LIEEN T
< 03,65 TEAS) S OFERR & N 72

Hre & JED O = A HEOTIRIFZSNT L B Rl— & 1FR S 2
72, FENZAMOAEID EOTREITH. &=
AROTEMIHBETH Y, ML UIHHEHIL 5 2 Th
5. BEFEOBMIE T S ORI Y EBRB I N,
2.3 WNEETEZ=AHES1—L
(1) ORI T EORG

AENRITERIN 2B RMEEN R CH D Z & h, £
fﬁ¢%®m#ﬁ6ﬁﬁﬁ EN R R A RO LTz,
BEMEREIE, WRADOHE (6:00~9:00) L& (16:00~
1&m)@twﬁ&%t SR () O¥aINE &
FERE L U7z,

5 KEGLERIHF DIRZEE ¥ o — L DZEE LW

SEGIRERHF DIAR PV & ¥ 2 — VO OEFE
M SICEIERERIT 6=24. 1% L 5. £ 2T, 60, 10,
20, 24.1%&7RBRFIEMOV B L. 20 4 r—RZo0n
T, BT 2R A L TILD, 1 2=y NOREES
BEERICT A0S ELZEL

Vol51, No4, 2025



Power generation performance of a photovoltaic module with triangular-pyramid-shaped concentrator

Table 1 Simulation conditions for solar concentration

Category Item Value
Reflectance of mirrors 95%
Material
Absorptance of cells 100%
Location Tokyo
Settings Direction South
Weather Clear sky
Period January ~ December
Simulation
Time resolution 1 hour
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Fig. 2 Equivalent circuit of a photovoltaic cell
Table 2 Parameters of PV circuit
Category Item Value
Area 24.3%x103 m?
Specification
Current source (/pv) 8.88 A
Series (Rs) 3.5x10° Q
Resistance
Parallel (Rp) 100 Q
Diode Saturation current (fs) 1.0x10% A
parameters Diode factor (a) 1.17
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Fig. 3 Configurations of the circuit connecting 3 PV cells
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Table 3 Specification of pyramid modules

Item Case 1 Case2 | Case3 | Case4 Flat
0,6, | 130 120 110 110 -

0, 20 70 40 60 -

Azgk 05 50 20 10 10 -
0 10 30 40 40 -

0 60 60 40 60 -

5 (%) 0.0 100 | 200 | 241 0.0
Cell #1 | 3.7%10% | 1.2x107 | 1.7x10° | 1.8x10° | —

Area | Cell#2 [ 3.1x10° | 15x10° | 1.1x10° | 8.7x10 | —
M) | cengs [3.7x10% | 1.2¢10° | 1.7x107 | 1.8x10° | -
Total |3.9x10% | 3.9x107 | 4.4x107 | 4.5x10% | 0.54

Installation area

(m?) 7.7%107 | 8.7x107 | 9.4x107 | 9.4x1073 1.0

Cell area/
installation area 0.50 0.45 0.47 0.47 0.54
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Fig. 4 Annual power generation per cell area by circuits
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Table 4 Specification of pyramid modules

Item Case 5 Case 6 Case 7 Case 8

6,6, 150 170 160 150

0, 40 50 40 40

A?Og)le 05 60 50 40 20
(283 40 40 40 40

0% 40 50 50 60

Light | Cell area 4.3 10.5 14.7 19.5

collectio

n
improve | [pstallati
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2
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Total | 3.9x10° | 1.2x10° | 2.2x103 | 2.7x107
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Fig. 9 Improvement in terms of power generation and
sunlight collection
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Fig. 10 Effect of sun position on power generation by
pyramid module (Case 7)
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